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CYLINDER WITH ONE AND WITH TWO SPARK PLUGS
By R, C. Spencer and A, W. Jones

SUMMARY

Tests have been conducted witi: an alr-cooled alrcrafte
engine cylinder to determine the effect on the knocking tendency
of cutting out one spark plug when the engine is operating at or
near the knock point with two spark plugs firing.

The results indicate that outtling out one spark plug will
not lead to knock but, on the contrary, will ectually stop or
decrease knock that 1s ocourring with both spark plugs flring.
The power lost when one spark plug stops firing can be recovered
by increasing the inlet pressure., In instances in which engino
fallure has occurred and 1t lhas subsequently been found that a
spark plug had failed, it 1s possible that the primary fallure
was failure of the spark plug by overheating which caused pre-
ignition.

INTRODUCTION

In the operatlon of an alrplane, the pllot 1s interested
in knowing what possible difficultles might be encountered
through the accldental cuttling out of one spark plug in one
or more c¢ylinders of the engine, The spark plug may fail during
take-off or during flight., 3uch a fallure will proovably result
in some loss of power because the effect of cutting out one spark
plug hes an over-all effect on the combustion process similar to
that of retarding the spark. The reason for this fact 1s, that
wlth two spark plugs mounted approximately dlametrically opposlte
in the cylinder, the distance to be traversed by the flame front
is approximately half the diameter of the engine chamber, VWhen
one spark plug ceases firing, the flame front from the remaining
Plug must traverse the entire combustion chamber. Naturally,



thls increased distance requires more time to complete the burning.
If one spark plug is cut out, there may be socme questlon as to
whether or not this actlon will have any effect on detomation or
prelgnition withln the cylinder.

Results obtained with the NACA combustion apparatus (refer-
ence 1) and somes unpublished engine data obtalned at Langley
Memorial Aeronautical Laboratory have indicated that the knocking
tendency of the engline 1s decreased 1T one spark plug In a cylinder
employing two spark plugs dlemetrically opposed ceases to filre,

The present report preeents additlonal data on this subject re-
cordod from tests of a single-cylinder test engline made at IMAT,,

Results sinllar to those presented in the present report
ha7e been obtained on an Alllson V-1710-81 multicylinder engline
in tests conducted at the Materlel Center, Army Air Torces.

* APPARATUS AND TIST PROCEDURE
The englne used was a Wright 1820 G200 cylinder moumted on a
Coopoerative Uriversal Encine crankcasec, The englne operating condl-

tions were:

Compression ratlo . . o s ¢ ¢ ¢ ¢ s ¢ o ¢ o o s » a o o ¢« o 1.0
Valve timing

Inlet opens, degrees B.TeCo o ¢ o v ¢ ¢ ¢ o ¢ o 2 ¢ o o @ 15

Inlet closes, degrees A.B.Co ¢ o o v o ¢ ¢ ¢ s » o ¢ o o » 44

Exhaust opens, degrees 3.B.Ce .« o o &+ ¢ s o ¢ ¢ o ¢ o o o 74

Exhaust closes, degrees A,T.C. . . « ¢ o ¢ ¢ o s o o ¢ o o 25
Valvo 1ift (approx.), InCh . o & ¢ o 4 o s o o s o o = » & » 5/8
Fuel inJecied into manifold,

InJectlon staris, degreens A.T.C. . &+ + ¢ ¢ ¢ 4o o « o ¢ o« & 70
Ignitior timing, both plugs, degrees B.T.C. ., . . « « + o« & 20
Inlot-alr temperature, °F ., ., . . . . . ¢ s s ¢ 4 0 e s oo 150
Oil-outlet tempera ure, OF . , . &« o ¢« ¢ v + &+ ¢ o« o o o« 200
Engine speed, I'TIR . & « s « o o ¢ o o o « s s o = « o o « » 2000

Two BG-298-GS spark plugs were used, of walch one had a
chromel-glume’ thermocouple in tke tip of thne center electrods.
Reference fuel S-1 wma used,

The ignition timing was selected b} determining the spark
advance for moximum power at a fuel-alr ratio of 0.080 and Then
retarding the spark mwntil the power dropped 1 percent. The spark
timing varied abous +0,5° from cycle to cycle.



Knock was aurally determined by a miorophone suspended above
the engine, The output of the miorophone was sent through an
amplifier and a high-pass filter to headphones, The method was
checked a.ga.inst an osci].l.ogra.ph and against the direct audible
method and was found to be entirely relimble, Checks for the
occurrence of prelgnition and afterfiring were mede by momentarily
outting the ignition swltch, but nelther prelgnition nor after-
firing wvas encountered during the tests,

The procedure wvas as follows: The engine inlet pressure
was ralsed untll the engine was near the knoock point, One spark
plug was then cut out and the engine behavior was observed,

Other tests were made with the engine knocking while 1t fired on
both spark plugs; first one spark plug and then the other was

cut out, Following these tests, a series of runs was made in
vhich the ergine was near the knock point while 1t operated on
two spark plugs. One spark plug was then cut out and the engine
was allowed to run for S5 minutes without a change in the amount
of cooling air or in any other of the set conditions, The tem-
perature of the rear spark-plug bushing was held at 400° I' during
the run with both spark plugs firing, After the front spark plug
was cut out, all the other conditions were held constant and the
temperatures were allowed to drift, Further tests were rumn in
vhich curves of permissible inlet pressures against the fuel-air
ratio were determined for operation with two spark plugs and
wilth first one and then the other spark plug cut out. The rear
sperk-plug-bushing temperature was keld at 400° F throughout
these tests.

In the knock tests, the knock point was determined and the
inlet pressure and the fuel flow were then dropped to 93 percent
of the pressure and fuel flow that gave knock for two spark
plugs, Thus, the inlet pressures given are 93 percent of the
absolute pressure that caused audible knock at that conditiom,

A conventional spark-plug gasket thermocouple was installed
under the rear spark plug for a few of the latest teats that were
rm with the engine, The t rature indicated by this thermo-
couple ranged fram 5° F to 20° F lower than the temperature indi-
cated by the thermocouple in the bushing, The difference 1ias
normally between 10° ¥ and 15° F,



Supplementary tests have been made to determine the effedt
of spark-plug leakmge upon electrode temperature, These tests
wore run on & Lycoming 0-1230 cylinder with the use of a Bendix
41 G bottom-seating spark plug. This spark plug had grooves cut
across the threads where the center screwed into the shell and a
tube was arranged to carry the leakage to a point where it could
be collected over weter.

ANATYSTS

Rothrock and Biermamm (reference 2) have shown that knock
depends upon the interrelatlon of two factors, the end-gas
temperature and the end-gas density. Factors that affect the
end-gas density and temporature are the compreasion ratlo, the
inlet-air temperature, the Inlet-air density, and the particular
time during the engine cycle at which the peak cylinder pressure
is reached. The number of spark plugs firing affects the time
at which the peak pressure is reached,

The spark advance 1s kxnown to have a very great effect on
the knocking terndency. TFeak pressure and temperature are
usually reached shortl, after the plston passes top center;
an advance in the spark brings the point of maximwm pressure
nearer top center, Thus, the pressure and tho tempsrature are
higher than they were before the spark was advanced, and the
knocking tendency is increased. Simllarly,.if the spark 1s
retarded, the peak pressure and the peak temperature occur
later in the cycle and are lower, and the knocking tendency
1s decreased., If an engine 1s operating on two spark plugs
and one of the spark plugs ceases to fire, the mass rate of
burning is decremnsed, the peak pressure occurs later in the
cycle, and the knocking tendency should be decreased. The
offect should be the samoe as 1f the spark were retarded.

The temperature trends of the cylinder head and barrsel
are also of Interest, Becanse late spark timing has the pame
oeffect on the lmocking teniency as a decreage in the compres-
slon ratio, in that the oxpemnsion ratio 1s lower, the ex-
haust gases will leave the cylinder at a higher temperature;
and those portions of the engine around the exhaust port,
and posslbly the cylinder barrel, will be hotter vhen the
burning 1s later completed, Some portions of the cylinder
head, however, might run oooler with a retarded spark., Data




obtalned by Trimble and presented in reference 3 show that the
temperature of a thermal plug in the cylinier head decreases
as ‘the. campression ratio 1s decreased.

When one spark plug is out out, its electrode temperature
decreases because the combustion gases are always hotteat near
the ignition source (references 4, 5, and 6).

Recent unpublished tests of hot spark plugs in a CFR engins
at LMAL have shown that, for mlca-insulated spark plugs, the
Ingpulation falls at approximately the same temperature that
cauges preignition., It 1s therefore qulte posslible that cases
of engline fallure caused by preilgnitlion dus to hot spark plugs
have been attrilbuted to fallure of the insulation of the spark
plug, a fallure that would De noted when the engine was torn
down for imspection,

It is emphasized that the experiments reported herein were
conducted in order to determine the effect of cutting out one
spark plug without a change 1n the ignition advance, No at-
tempt was made to determine the effect on the knocking tendency
of adJusting tlhe spark advance for the single spark plug to tke
optimm setting,

Ricardo (reference 7) has reported tests with the E-35
engline, in which he varied both the number and locatlion of the
spark plugs and determined the highest useful compression ratio
for each combination. In each case, Ricardo's tests were run
with the spark timing set at the optimum for that particular
number and location of spark plugs; that 1s, a greater spark
advance was used with one spark plug than with two spark plugs.
In goneral, he found that, when the spark timing was set at
the optimum, the highest useful compresslon ratlo with one
spark plug firing was somewhat lower than was the case with

two spark plugs firing.

RESULTS AND DISCUSSION

The results of the first test, in which one spark plug was
ocut out, are given in table I, The behavior of the engline tem~
peratures 1s quite in accord with expectatlion as outlined In
the analysis, The retarded combustion with only one spark plug



firing lsed Lo & lower expansion ratlo and hotter exhaust gases.
The ezhaust-valve gulde was therefore hotter, The head tempe:a~
tures decreased, showlng the same trend as Trimble's data
(reference 3), in which a decrease in compression ratio led to

a decrease in tlie thermal-plug temperatures., The barrel tempora-
ture remained constant,

The engine was then brought up to the knock point and first
one spark plug and then the other wvms cut out, The results are
given In table II., Although the engine was knocking with both
spark plugs firiag, the knock stopped wiien elther spark plug
was cut out. The terperat:wwre data were taken about 5 minutes
efter the spark plug was cut out, All of the temperatures
droppsd except the exhaust-valve-gulde temnerature and the
tape-ature of the rear of the middle of the barrel, which
shoved a tempereture rise of 2° F with only thke front spark
plug firing,

L more complete series of tests wes then made in which
the engine wms brovgkt to the knock point at a fuel-azir ratio
of 0.062, the inlet presswre and fuel flow were dropped 7 per-
cernt, the front spark plug was cut out, and the temperstures
were allowed to drift for 5E€ minutes with the engine rumning.
Figures 1 to 4 show the results of this merles of tests, 211
of the head temperatures (fig. 1) dropped except that of the
exhangt-valve guide, All cf the barrel terperatures (fig. 2)

roppod except those of the front of the barrel. At the end

of 10 minutes the pilston termperature (fig. 3), taken ai the
extaust erd zone, that is, imder the exhaust valve, had dropped
avout 300 F; and 1t remailned constant for the reast of the rum.
All flange tempsratures (fig. 3) dropped, Before this series
of tests was made, the spark-plug-electrodc tl.exmocouple Lad
become shorted at a point somevhat above the tip of the elec-
trode, end tho values recorded are about half those normally
encountered, TUe trond, however, ls the same as 1s encountered
waon the thermoccouple is roading properly. Invariably, the
instant tke spark plug 1s cut out, the eloctrcde terperature
drops very markedly (fig. 3). This effect is in accord with
the anali;sis, The indlcatod treormal efficiency (fig. 3) de~
creesed vion ore spark pluz was cut out and continusd to fall
throughous the rwn, The indicated Tuel cornsurption (fig, 4)
Increceed slightly when the spark pluz was cut out and kept

on iIncreasing as the irdicated moan effectivo pressure dropped
andl kept on dropping.



Anothor series of tests was rade to determine whether the
pover lost when ore spark plug was cut out could be recovered
wlthout knock by.innraaﬂing the inlot pressure. Runs were made
at variovs fuel-air ratiocs ranging from full rich to very lean
at 93 percent of the inlet pressure that caused knock with two

sraric plugs firing.

The maximum permissible inlet pressure, the marimum permls-
sible indicated mean effective pressure (excopt at the rich and
lean ends of tke curve), and the maximm permissible air weights
per cycle (fig. 5) were all higher with one spark plug than with

0. The probable reascn for tiae lower indicated mean effeotive
pressure at rich and lean mixtures is the grester difficulty in
gotting good ignlitlion witin only one sparx plug. The indlcated
speclific fuel conswmption was higher with the one spark plusg.

It is interesting to note from figure 5, that, whea the ongine
wag operating at an indicated mean effective pressure of 180
pounds per square inck, a lower fuel conswription (0,435, point B)
wvas perulssible witi only the roar spark plig firing than with
both epcrk plugs firing (0.480, polnt A), This statement 1s in
accord with the fact that, 1f the compresslon ratio of the on-
gine 1z such that a rich nixture 1s required to suppress kmock,
a lower minimm permiesitle fuel-alr ratlio and a lower specific
fuel consumption can te kad by docreasing the compression ratio
or retarding the spark,

Flzure 6 shows that the temperature of the electrode in
the front spark plusz decraasod atout 100° F vhen the spark
plug was cut out, The teuperatures were again too low as men-~
tioned previouasly. Piston temperature with orly the rear sperk
plug firing (fig. 7) was approximately 30° F lowor than with
both spark plugs firing, and flange temperatures wore from 20 F
to G° F lower when only the roa spark plug was firing, With
the exception of tiie temporaturea of the exhaust-valve gulde
ernd of the poslitions novar the ezhaust valve, the general trend
of tlhe cylinder-head temperatures was lower wken only the rear

spark plug wvas firing (fig. 8).

Indicated thermal efficiencies (fig. 9) were lower when
the engline was operating on only the rear spark plug. Although
the trend of the barrel- temperatures was not very definite, 1t
may be seen that only slight differerces exlst between the two
cond’tlons Investigated, Tho barrel tomperatures Just under
the head are shown in figure 10 with the temperature of the




rear spark plug plotted for comparison, The temperature of the
rear spark-plug bushing was held as near 400° ¥ as possible by
varying the cooling-air veloclty. The temperatures with one
spark plug firing are Iin general slightly higher than with both
spark plugs Tiring.

Runs similar to those 1llustrated in figures 5 to 10 were
made witk the front spark plug firing instead of the rear spark
plug. The resvlits wlth two spark plugs firing and the results
wlith only tke front spark plug flring are compared in figures 11
to 16 and show “renda similar to those shown in figures 5 to 10,

Care should be exsrcised in the Interpretation of the tem-
perature data given In filgures 5 to 16, Inasmuch as the rear
spark-plug bushing was held at 400° F during the tests (except
at scome points at rich mniutures, for which the cooling-air
pressuire of some of the tests could not be reduced sufflciently
to meintain the temperature of the rear spark-plug bushing), the
tronds shown ty the terperatures of the other points 1n the cylin-
der represent only the manner in which these temperatures change
with respect to the reoar spark-plug-bushing temnerature as engine
confitions ere ckanged. Thus, the fact that the barrel and head
temperatures shovn for operatlon with the front spark plug only
(figs. 13, 15, and 16) are hilgher than those for operation either
with otk apark plugs or with only the rear spark plug is readily
oxpleined as I'ollows: It 1s known that the gas temperatures in
the combustion chemper of an engline are highest in the part of
the chamber rnearest the spark plug (reference 5). In an englne
operaving on two egark plugs, tkerefore, when one spark plug 1s
cut out, the temperature of tke entire reglon around that spark
plug will drop. This result 1s shown also by the fall in tem-
percture of the spark-piug electrode. In the case in which the
rear spark plug 1s cut out, the temperature of the spark-plug
busking dropped. The refeirence polnt for controlling the englne
temparatures 1s the rear spaerk.--plug bushing; the cooling-air
preasure drop was therefore reduced to bring the bushlng tem-
Porature back to 400° F, and the temporatures of the other parts
of the engine rose to higher valuss than were encounsered with
two-spark-plug overation. The trus criterion of the temperature
tronds when one cpark plug is cut out is found in tables I and II;
in figures 1 to 3, for which tke cooling-air pressure drop was not
cianged; and in figure 17, which shows the cooling-air pressure
drop across the engine cowling necessary to maintain the tempora-
ture of the rear spark-plug bushing at 400° F for the four series
of runs shown in figrres 5 and 11,



It 1s belleved that engine fallures, atiributed to knock,
vhich have been accoampanied by spark-plug failure, should be
attributed to spurk-plug failure through overkeating ahd oone
gequent preignition, rather than to failure because the spark
Plug ceased firing. Preignitlon itself mey cause knock, but
1t should te emphasized that the primary failure is then pre-
ignition and not knock,

A spark plug may becams overheated 1f a gas leak occurs
in the spark plug. In order to determline thls effeot, scme
tests have been rua with a Lycoming 0-1230 cylinder with an
artificially Iinduced leak around the center electrode of one
apark plug., A thermoccuple was lnstalled in the tip of the
center electrcde, The reesults of these tests are surmarized
in table ITI., The data of table IIT show that leakege near
the center electrcde of the spark plug ralses 1ts temperature
decldely wiien the leakege rate is of tle order shown. Leakage
of 1 cubic centimeter pe: minute was assvmed to be negligitle,
According to the date listed, the leakege rete of 65 cubilc
centimeters per minute causod an ircrease in centor-electrode
temperature roughly comparavle with the increase causei by an
increase of about 10 inches of rercury in inlet-alr pressurs.
ke porminsible rate of lcakage for new mica spark plugs is
1/2 cublic centlimster per minvte at a pressure of 150 pounds
per square inch.

CONCLUBIOINS

The data prascnted hereln Indicate that for the spark
timing as used In present aircraft engines In which the
spak advance 18 gonerally set for slightly less than best
power:

1. Tho cutting out of cne spark plug will not lead to
engine knock or proignition but, on the contrary, willl actrally
etop or deoreasc knock that is occurring with both spark plugs

firing.

2, If one spark plug stops firing, the power thus lost
can be recovered, wlthout danger from knock, by increasing
the inlet pressure, Scme loss of thermal efficlency and,
hence, some increase of specific fuel consumption 1s encountered
by thils procedure,




10

3, In Insbances in wrichk engine failure has occirred and

it has subsequently been found that a spark plug had falled, it
1s posslble that the primary fallure was failure of the spark
plug by overheating which caused prelgnition.

Adrcraft Ergine Pescarch Lavoratory,

5.

National Advisory Comi‘ttes for Aerorautics,
Clevelend, Oilo.
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TABLE I

11

COMPARISOH OF ENCGINE DATA WITE BOTH SPARE PIUGGS FIRING

AND WITH FRONT SPARK PIUG FIRING

[Wright G-200 cylinder; engine specd, 2000 rpm; compresslon
ratio, 7.0; fuel, §-1; spark cdvence, 20° B,T.C.; inlet

preseure, 93 percent of pressure caneing

eperk plugs; inlet-alr temperature, 150° F)

¥nock for two

o
Temperature, ¥
Intake Snark | fuel- Center |Exhaust—-| Rear |Roar of
pressure! imep |plugs| alr |Enock|of head| valve spark- | middle
(1n. Ez |(1v/sq|firing| ratio betwoen| guide | plug of
nbse) in.) valvos bushing barrel
- —
. 192.2| 3oth o] %o L11 574 403 286
30.2 { 185.6 | Front 00831 1o 296 593 | 313 | 286
DSBLE II

CCIPARISON OF

[(Wrirht G-200 cylinders
ratlo, T7.05 fucl, S-1;

LD WILE FI2ST FROIM AMD T REAR SP.

g-SadiN

LT

ALGINE DATA WITH B0TE SPARK PLUGS FIRING
PLUCS FIRILG

enzlino epood, 2000 rom; coupruscion
gpar: adveaco, 20? B.T,C0.; inlct

pressure, mreesuro coagiag :mock for two sourk plugs; indot-
oir temporsture, 150° F]

{

- - Temmerature, Op
Spark Centor | Zxhaust- Roar Roar of -
Pluge Pul';li.:;iir Enock | of heed | valvo sparc-plug middle
firing botwoan | Zuide bushing of barrel
_velves | _
i

Both |7} Toe 411 RE2 4oo - 285
Front | ,'0.080 Ho 398 K90 374 291
Bear | ¥o 404 Rek 339 285
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IFF=CT OF LEAXAGE ON SPARK~PLUG TEMPERATURE

[ Lycoming 0~1230 cylinder]

TABLE III

Op

| Temperature increase,

Intake Leckege Electrode Das to Due to
presurc (cc/min) | temperature | inlet pressure| lealnge

(ir_. Eg FDS.) (OF)

34 v 717 — —

35 21 756 39 -

T} P1 759 g2 —

45 1 g2l 107 —

34 34 787 — 70

38 4L g3l - 78

4n 5G 887 — 88

45 65 92C — 96

Qirproximate
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Figure l.- Trend of cylinder-head temperatures after front spark plug

was cut oub. Wright G-200 cylinder; engine speed, 2000 rpm;
compression ratio, 7.0; fuel, S-1; spark advance, 209y inlet pressure,
93 percent of pressure causing knock for two spark plugs; inlet-air
temperature, 150°F.
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Figure 2.- Trend of barrel temperatures after front spark plug was cut

out. Wright G-200 cylinder; engine speed, 2000 rpm; compres-

sion ratio, 7.0; fuel, S-1; spark advance, 20°; inlet pressure, 93 per-
cent of pressure causing knock for two spark plugs; inlet-air temper-
ature, 150C0F. '
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Figure 3,- Trend of piston temperature, flange temperatures, front spark-

plug-electrode temperature, and indicated thermal efficlency
after front spark plug was cut out. Wright G-200 cylinder; engine speed,
2000 rpm; compression ratio, 7.0; fuel, S-1; spark advance, 209; inlet
pressure, 93 percent of pressure oausing knock for two spark plugs;
inlet-air temperature, 150°F.
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Figure 5.- Comparison of permissible inlet pressure, indicated specific

fuel consumption, maximum permissible indicated mean effective
pressure, and air weight per cycle with rear spark plug firing and with
both spark plugs firing. Wright G-200 cylinder; engine speed, 2000 rpm;
compression ratio, 7.0; fuel, S-1; spark advance, 209; inlet pressure,
93-percent of knock; inlet-air temperature, 150°F; temperature of rear
spark-plug bushing, 400°F.




NACA Fig. 6

V Rear spark plug firing
O Both spark plugs firing
& 700
®
5
£
§ .
+ o)
L - . Y R L
'§ 500 /,(/f \\
2 Vo
)
g 400 .
-
o
o
o
& 300
.05 .06 .07 .08 .09 .10 o1l .12

Fuel-air ratio

Figure 6.~ Comparison of temperature trend of front spark-plug electrode

with rear spark plug firing and with both spark plugs firing.
Wright G-200 cylinder; engine speed, 2000 rpm; compression ratio, 7.0;
fuel, S-1; spark advance, 20°9; inlet pressure, 93 percent of kmock;
inlet-air temperature, 1509F; temperature of rear spark-plug bushing,
4009F .
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Figure 7.- Comparison of piston and flange temperatures with rear spark
plug firing and with both spark plugs firing. Wright G-200
cylinder; engine speed, 2000 rpm; compression ratio, 7.0; fuel, S5-1;
sparlkt advance, 20%; inlet pressure, 93 percent of knock; inlet-air tem-
perature, 1509F; temperature of rear spark-plug bushing, 4009 .
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Figure 8.~ Comparison of cylinder-head temperatures with rear spark plug

firing and with both spark plugs firing. Wright G-200 cylinder;
engine speed, 2000 rpm; compression ratio, 7.0; fuel, S-1; spark advance,
20°; inlet pressure, 93 percent of knock; inlet-air temperature, 1500F;
temperature of rear spark-plug bushing, 400°F.
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Figure 9.- Comparison of indicated thermal efficiencies and barrel tem-

peratures with rear spark plug firing and with both spark
plugs firing. Wright G-200 cylinder; engine speed, 2000 rpm; compres-
sion ratio, 7.0y fuel, S$-1; spark advance, 20°; inlet pressure, 93 per-
cent of knock; inlet-air temperature, 150°F; temperature of rear spark-
Plug bushing, 400°F.
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FPigure 10.- Comparison of barrel temperatures with rear spark plug
firing and with both spark plugs firing. Wright G-200
cylinder; engine speed, 2000 rpm; compression ratia, 7.0; fuel, S-1;
spark advance, 20°3 inlet pressure, 93 percent of knock; inlet-air
temperature, 150°F; temperature of rear spark-plug bushing, 400°F.
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Figure 11.- Comparison of maximum permissible inlet pressure, indicated
specific fuel consumption, and maximum permissible indicated
mean effective pressure with front spark plug firing and with both spark
Plugs firing. Wright G-200 cylinder; engine speed, 2000 rpm; compression
ratio, 7.0; fuel, 5-1; spark advance, 200y inlet pressure, 93 percent of
knock; inlet-air temperature, 150°F; temperaturs of rear spark-plug bush-

ing, 400CF.
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Figure 12.- Comparison of spark-plug-electrode temperatures, indicated

thermal efficiencies, and temperatures of two places in cyl-
inder head, with front spark plug firing and with both spark plugs firing.
Wright G-200 cylinder; engine speed, 2000 rpmy compression ratio, 7.0;
fuel, S-1; spark advance, 20°; inlet pressure, 93 percent of knock; inlet-
air temperature, 150°F; temperature of rear spark-plug bushing, 400°F.
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Figure 13.- Comparison of cylinder-head temperatures with front spark plug

firing and with both spark plugs firing. Wright G-200 cylinder;
engine speed, 2000 rpm; compression ratio, 7,0; fuel, S-1; spark advance,
20°; inlet pressure, 93 percent of lknock; inlet-air temperature, 150°F;
temperature of rear spark-plug bushing, 400°F.
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Figure 14.- Comparison of flange temperatures with front spark plug firing

and with both spark plugs firing. Wright G-200 cylinder; engine
speed, 2000 rpm; compression ratio, 7.0; fuel, S-1; spark advance, 20%
inlet pressure, 93 percent of knock; inlet-air temperature, 150°F; temper-
ature of rear spark-plug bushing, 400°F.
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Figure 15.- Comparison of barrel temperatures with front spark plug
firing and with both spark plugs firing. Wright G-200
cylinder; engine speed, 2000 rpm; compression ratio, 7.0; fuel, S5-1;
spark advance, 20°; inlet pressure, 93 percent of knock; inlet-air
temperature, 150°F; temperature of rear spark-plug bushing, 400°F.
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Figure 16.- Comparison of barrel temperatures with front spark plug firing

and with both sparlkt plugs firing. Wright 6-200 cylinder;
engine speed, 2000 rpm; compression ratio, 7.03; fuel, S-1; spark advance,
209y inlet pressure, 93 percent of knock; inlet-air temperature, 1509F;
temperature of rear spark-plug bushing, 400°F.
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Figure 17.- Cooling-air pressure drop necessary to maintain rear spark-

plug bushing at 400°P. Wright 6-200 cylinder; engine speed,
2000 rpm; compression ratio, 7.0; fuel, S-1; spark advance, 2003 inlet
pressure, 93 percent of knock; inlet-air temperature, 1500F; cooling-
air temperature, 87°F to 92°F.
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